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ABSTRACT 
W e  surveyed e i g h t  of t h e  permanent s u b t i d a l  s t a t i o n s ,  
and spent  cons ide rab le  t ime r e p l a c i n g  s u r f a c e  and 
subsu r face  buoys on t h e s e  s t a t i o n s .  L i t t l e  change 
was ev iden t  i n  d e n s i t i e s  .of q u a n t i f i e d  i n v e r t e b r a t e s .  
D e n s i t i e s  of some of t h e  brown a lgae  cont inued t o  
i nc rease .  
Surveys of random 30-m2 s u b t i d a l  s t a t i o n s  i n  t h e  North 
Control  were completed. 
Davidson c u r r e n t  oceanographic per iod  i n t e r t i d a l  surveys  
were begun. High s e a s  prevented us from occupying 
s t a t i o n s  on s e v e r a l  days of  e x c e l l e n t  minus t i d e s ;  how- 
e v e r ,  12 random and 4 permanent s t a t i o n s  were surveyed. 
The annual census of  b u l l  k e l p ,  Nereocystis Zuetkeana, 
y ie lded  a count of 11,323 s u r f a c e  canopy p l a n t s ,  a 
decrease  from l a s t  y e a r ' s  es t imate .  Foam obse rva t ions  
were cont inued i n  Diablo Cove. 
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- Operat ions Research Branch, P.O. Box 98, Avi la  Beach 
C a l i f o r n i a  93424. 
Thi s  is  t h e  1 4 t h  q u a r t e r l y  r e p o r t  submit ted i n  p a r t i a l  f u l f i l l m e n t  
of Research Contract  No. 5-11-75 between t h e  Department of F i sh  and Game 
and t h e  P a c i f i c  Gas and E l e c t r i c  Company. Through t h i s  c o n t r a c t ,  t h e  
Department of F i sh  and Game is t o  conduct e c o l o g i c a l  monitor ing s t u d i e s  
t o  determine what changes have occurred s i n c e  1970 and 1971 i n  t h e  base- 
l i n e  inventory  of t h e  marine b i o t a ,  w i th  s p e c i e s  r e f e rence  t o  f i s h e s  and 
abalones.  
Quar t e r ly  r e p o r t s  w i l l  be followed by annual  r e p o r t s .  F u l l  t a b l e s  
and s p e c i e s  l i s t s  w i l l  be  inc luded  i n  each annual  r e p o r t .  
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Our q u a r t e r l y  r e p o r t s  do n o t  u s u a l l y  con ta in  conp le t e ly  analyzed d a t a ,  
thus  they  should b e  considered a s  i n t e r i m  r e p o r t s  and n o t  as Department of 
F i sh  and G a m e  environmental impact s ta tements .  Yearly a n a l y s i s  of d a t a  and 
d a t a  comparisons a r e  p re sen ted  i n  our  annual  r e p o r t s .  
Most of ou r  t ime dur ing  t h e  q u a r t e r  was spen t  on t h e  1975-76 annual  
r e p o r t ,  t r a n s f e r r i n g  d a t a  t o  conputer  forms f o r  keypunching and working up 
a lgae  samples. F i e l d  s t u d i e s  inc luded  completing surveys  of random s u b t i d a l  
s t a t i o n s ,  surveying permanent s u b t i d a l  s t a t i o n s ,  and i n i t i a t i n g  
Davidson oceanographic pe r iod  i n t e r t i d a l  surveys.  
OPERATIOXS 
Permanent S u b t i d a l  S t a t i o n  Surveys 
Methods 
Before a t tempt ing  f a l l  surveys  of t h e  permanent s t a t i o n s  we spen t  
s e v e r a l  days r e p l a c i n g  s u r f a c e  and subsur face  buoys on all s t a t i o n s  and 
a t tempt ing  t o  l o c a t e  s t a t i o n s  8 and 10. S t a t i o n  10 ( r e e s t a b l i s h e d  i n  t h e  s p r i n g  
of 1976) was r e l o c a t e d  and new markers i n s t a l l e d .  S t a t i o n  8 p re sen ted  a nore  
d i f f i c u l t  problem. S ince  n e i t h e r  t h e  o r i g i n a l  s t a t i o n  markers ( e s t a b l i s h e d  
during t h e  1970-71 s tudy)  no r  the r e e s t a b l i s h e d  s t a t i o n  (1975) could be l o c a t e d ,  &e 
s e t  up a new s t a t i o n  i n  t h e  sane  a r e a  a s  t h e  1975 r e e s t a b l i s h e d  s t a t i o n  and 
marked t h e  a r e a  wi th  a temporary s u r f a c e  buoy. However, b e f o r e  w e  could r e t u r n  
t o  a t t a c h  permanent s u r f a c e  markers, t h e  temporary buoy w a s  l o s t  dur ing  s e v e r a l  
days of very  rough ocean condi t ions .  
Resu l t s  
A cursory  examination of t h e  d a t a  from the  e i g h t  s t a t i o n s  surveyed (Figure I, 
s t a t i o n s  6 ,  7, 9 ,  1 0 ,  11, 12,  15,and 16) i n d i c a t e d  l i t t l e  change i n  nvxmbers of 
-2 - 
s p e c i e s  q u a n t i f i e d .  The mean d e n s i t y  of g i a n t  red  s e a  u rch ins ,  StrongyZo- 
centrotus franciscanus, i nc reased  s l i g h t l y  i n  Diablo Cove [0.56/m2 (Sd = 0.89) 
compared t o  0.40/m2 (Sd = 0.48) dur ing  1975-76 surveys]  and a t  Cont ro l  s t a t i o n s  
[2.58/m2 (Sd = 3.16) compared t o  2. 10/m2 (Sd 2.32) dur ing  the  1975-76 surveys] .  
Most of t h e  d iscrepancy  i n  urchrn  abundance between Diablo Cove and Control  
s t a t i o n s  i s  a t t r i b u t a b l e  t o  Control  s t a t i o n  #15, an urchin- r ich  o f f s h o r e  p innac le  
t h e  sea o t t e r s  have y e t  t o  d iscover .  
D e n s i t i e s  of t h e  brown a l g a e  Laminaria dentigera and Pteqgophora caZi- 
fornica continued t o  i n c r e a s e  a t  Diablo Cove a s  w e l l  a s  a t  Cont ro l  s t a t i o n s ;  
however, b u l l  ke lp ,  Nereocystis Zeutkeana, d e n s i t i e s  decreased s l i g h t l y  i n  
Diablo Cove and a t  Control  s t a t i o n s .  
Random Sub t ida l  S t a t i o n  Surveys 
Nethods 
Surveys of t h e  randomly s e l e c t e d  30-m2 s t a t i o n s  i n  t h e  North Control  w e r e  
completed. Tne surveys  of random s t a t i o n s  i n  Diablo Cove w e r e  completed i n  
September. There was no change i n  t h e  survey  methods descr ibed  i n  ou r  prev ious  
annual r e p o r t s .  
Resul t s  
Red aba lones ,  HaZiotis rmfescens, were observed a t  only one of t h e  t e n  
North Cont ro l  s t a t i o n s  surveyed i n  October. W e  encountered red abalones at s i x  
of t h e  24, 30-m2 s t a t i o n s  surveyed i n  1976 a s  compared t o  f i v e  of 24 i n  1975. 
The mean d e n s i t y  of r ed  abalones i n  1975 was 0.008/n2 and i n  1976, 0.014/m2. 
We encountered g i a n t  red  s e a  u rch ins  a t  75% of t h e  Nortli Cont ro l  s t a t i o n s  
surveyed i n  1976, b u t  a t  only  717; of t h e  1975 s t a t i o n s .  I n  1975, t h e  mean d e n s i t y  
of g i a n t  red  s e a  u rch ins  i n  t h e  North Cont ro l  was 0.15/m2 and i n  1976, 0.14/m2. 
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Diablo Cove 
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Plant S i t e  
FIGURE 1. Locat ions of permanent s u b t i d a l  and i n t e r t i d a l  s t a t i o n s  - Diablo Canyon 
Power Plant S i t e .  S t a t i o n s  1, 2 ,  3, P1, P2 ,  P3 are i n t e r t i d a l ;  S t a t i o n s  6,  
7,  8, 9 ,  10 ,  11, 12 ,  15 ,  1 6  a r e  s u b t i d a l ;  Stations 1 3  and 14  a r e  abandoned. 
I n t e r t i d a l  Surveys 
Method * 
Sampling procedures  f o r  random and permanent i n t e r t i d a l  s t a t i o n s  remained 
c o n s i s t e n t  w i t h  d e s c r i p t i o n s  i n  e a r l i e r  r e p o r t s .  
Resul t s  
During t h i s  q u a r t e r ,  12  random and 4 permanent s t a t i o n s  were surveyed. 
Oppor tuni t ies  t o  survey an a d d i t i o n a l  1 3  random i n t e r t i d a l  s t a t i o n s  (out  of t he  
32 we survey seasona l ly )  dur ing  l a t e  November and December were l o s t  due t o  
f o u l  weather  condi t ions .  High s e a s  which coincided w i t h  t h r e e  consecut ive  
minus t i d e  pe r iods  kep t  u s  from reaching ou r  sampling r eg ion  i n  t h e  -1.0 f o o t  
t o  +3.0 f o o t  zone of t h e  i n t e r t i d a l .  This  is t h e  f i r s t  time t h a t  oceanic  con- 
d i t i o n s  have a f f e c t e d  ou r  sampling program so d r a s t i c a l l y .  We w i l l  b e  a b l e  t o  
f i n i s h  our  sampling f o r  t h e  1976-77 Davidson Period i f  t h e  weather  i s  s u i t a b l e  
during t h e  remainder of t h e  minus t i d e s  i n  January and February. 
Bu l l  Kelp Census i n  Diablo Cove 
Methods 
The annual census of b u l l  k e l p ,  Nereocyst is  Zeutkema, i n  Diablo Cove 
was conducted i n  October.  A s  i n  prev ious  censuses,  on ly  t h e  p l a n t s  i n  t h e  
s u r f a c e  canopy, a r e l a t i v e l y  smal l  percentage  of t h e  t o t a l  number of p l a n t s ,  
could b e  counted. T h e  census was perforriled from shore  by two observers  working 
independent ly w i t h  s p o t t i n g  scopes fror.1 two widely sepa ra t ed  loca t ions .  
Resu l t s  
The two counts  were very  c lose :  11,323 and 11,655. The lower,  more con- 
s e r v a t i v e  count i s  used h e r e  f o r  t h e  number of p l a n t s  i n  t h e  s u r f a c e  

canopy (F igure  2 ) .  This  count marks a s i g n i f i c a n t  d e c l i n e  i n  what had been a 
s t e a d i l y  i n c r e a s i n g  popula t ion  s i n c e  t h e  annual  census was i n i t i a t e d  i n  1970 
(Table 1 ) .  
An i n t e r e s t i n g  a spec t  of t h i s  y e a r ' s  census i s  t h e  comparison wi th  t h e  
1974 census. These a r e  t h e  only  two y e a r s  where bo th  shore  counts  and s u b t i d a l  
survey d a t a  a r e  a v a i l a b l e  f o r  popula t ion  e s t ima te s .  Th i s  y e a r ' s  shore  count of 
11,263 p l a n t s  is  14% of  t h e  78,920 t o t a l  popula t ion  estimate der ived  from 1976 
s u b t i d a l  surveys;  f o r  1974, t h e  18,663 sho re  count i s  13% of t h e  t o t a l  popula t ion  
e s t ima te  of  148,200 from s u b t i d a l  surveys.  The c loseness  of t h e s e  two percen- 
t ages  of sur face-p lan ts - to- to ta l -p lan ts  l e a d s  us  t o  b e l i e v e  t h a t  t h e  10% 
f i g u r e  w e  used t o  d e r i v e  a s u r f a c e  canopy e s t ima te  i n  1975 of 33,000 p l a n t s  was 
f a i r l y  c l o s e  t o  r e a l i t y ;  i n  f a c t ,  i t  may have been s l i g h t l y  conserva t ive .  I n  
any case ,  1975 was t h e  banner yea r  f o r  ikreocystis i n  Diablo Cove thus  f a r  i n  our  
s t u d i e s .  We b e l i e v e  t h a t  t h e s e  changes dur ing  t h e  last  few y e a r s  have been due 
t o  n a t u r a l  v a r i a t i o n .  
Sea O t t e r  
Methods 
The sampling methods used i n  conducting t h e  s e a  o t t e r ,  Enhydras Zutris, 
surveys by Suzanne Benech (ECOMAR) remained r e l a t i v e l y  unchanged dur ing  t h e  
per iod  covered by t h i s  r e p o r t .  B r i e f l y  r e i t e r a t e d ,  t h e  method i s  t o  make 
weekly counts  and obse rva t ions  on s e a  o t t e r  feeding  behavior  between Po in t  
Buchon and Pecho Creek. One change has occurred i n  t h a t  M s .  Benech made h e r  
observa t ions  us ing  aQues t a r -  scope r a t h e r  than a 30X by 60X s p o t t i n g  scope. 
Because of t h e  ~ u e s t a r ' s  increased  r e s o l u t i o n  and t h e  s e a  o t t e r s 1  nearshore  
feeding  a c t i v i t y , ,  t h e  i d e n t i f i c a t i o n  of observed food i tems  was enhanced. 
TABLE 1. Numbers of B u l l  Kelp, Nereocys t i s  Zeutkeana, i n  Diablo 
Cove from Shore Censuses and S u b t i d a l  Surveys. Diablo 
Canyon Power P l a n t  S i t e ,  1970 t o  1976." 
Year 
Numbers o f i J e r e o c y s t i s  E s t i m a t e d T o t a l  Popula t ion  
i n  Surface  Canopy ' of i?ereocys t i s  
(Shore Census) (from S u b t i d a l  Surveys) 
3,925 
5,154 
10,2G3 
18,663 
i?o Censes 
(Es t imate  33,000) 
No Surveys 
No Surveys 
No Surveys 
148,200 
*Neither census n o r  surveys  w e r e  performed i n  1972. 
Resul t s  
The mean weekly count of sea o t t e r s  w i t h i n  t h e  e n t i r e  s tudy  a r e a  f o r  
both October and November 1976 was 33. The mean weekly count f o r  December 
increased  t o  73. The mean weekly counts  by month f o r  t h e  same pe r iod  i n  1975 were 
much more s t a b l e :  46, 42, and 49 f o r  October,  November, and December r e spec t ive ly .  
The mean weekly count f o r  t h e  e n t i r e  3-month pe r iod ,  however, was 45 i n  1975 and 
46 t h i s  yea r ,  i n d i c a t i n g  an unexpected popula t ion  s t a b i l i t y  w i t h i n  t h e  s tudy  a rea .  
These r e l a t i v e l y  low mean weekly counts  have occurred dur ing  t h i s  q u a r t e r  every 
year  s i n c e  t h e  survey began. 
The major r a f t  s i t e ,  l o c a t e d  n e a r  P o i n t  Buchon i n  1975, w a s  s i t u a t e d  n e a r  
Pecho Rock t h i s  year .  A l l  observa t ions  on s e a  o t t e r  food h a b i t s  were made i n  
t h a t  gene ra l  a r e a .  The observed and i d e n t i f i a b l e  food i tems  consumed by s e a  
o t t e r s  aga in  i n d i c a t e d  a  dominance of abalones i n  t h e i r  d i e t .  Twenty-five were 
observed feeding  on aba lones ,  HaZiotis sp . ;  12 on u rch ins  (11 StrongZyocentrotus 
franciscanus and 1 S. purpuratus) ; 1 0  on t h e  c rabs  Cancer sp .  and Pugettia sp. ; 
3 on C a l i f o r n i a  mussels,  P'ytilus sp . ;  1 on turban s n a i l s ,  TeguZa sp . ;  and 1 on 
red top s n a i l s ,  Astraea sp.  
We have a l s o  i n t e n s i f i e d  our  own observa t ions  f o r  p o s s i b l e  s e a  o t t e r  
a c t i v i t y  w i th in  Diablo Cove during t h e  q u a r t e r .  We now scan t h e  cove d a i l y  and 
have noted i n d i v i d u a l  o t t e r s  w i t h i n  t h e  conf ines  of Diablo Cove on t h r e e  occasions 
during t h e  q u a r t e r .  No feeding  a c t i v i t y  was noted.  
Commercial F ish ing  A c t i v i t y  
No commercial abalone o r  g i a n t  red  urchin  f i s h i n g  a c t i v i t y  w a s  noted 
i n  t h e  Diablo a r e a  dur ing  t h e  qua r t e r .  
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Foam Observat ions 
Methods 
W e  continued our  obse rva t ions  and photographs of foain cond i t i ons  i n  Diablo 
Cove dur ing  t h e  q u a r t e r .  Included i n  t h e  observa t ions  were e s t i m a t e s  of foam 
th i ckness  and d i s t r i b u t i o n .  We a l s o  noted wind speed and d i r e c t i o n ,  s w e l l  
he igh t  and d i r e c t i o n ,  and t i d a l  s t a g e  a t  t h e  t ime of t h e  observa t ion .  Only 
cursory  examination has  been made of t h e s e  da t a .  
Resu l t s  
We made 24 observati .ons on foam d i s t r i b u t i o n  p a t t e r n s  under a wide v a r i e t y  
of weather and s e a  cond i t i ons .  The Diablo Canyon power p l a n t  cool ing  water  d i s -  
charge system was n o t  o p e r a t i o n a l  dur ing  t h i s  pe r iod .  We observed n a t u r a l l y  
produced foam on 79% of t h e  obse rva t ion  days. General ly ,  t h e r e  was more foam 
on days when phys i ca l  cond i t i ons  wi th in  t h e  cove were seve re  ( i , e . ,  l a r g e  swe l l s  
o r  s t r o n g  winds).  We d id  n o t  observe foam over  2.54 c m  ( 1  inch)  t h i c k  nor  d id  we n o t e  
foam p i l i n g  up i n  t h e  i n t e r t i d a l  a r e a  of South Diablo Cove. Both of t h e s e  con- 
d i t i o n s  have been noted i n  t h e  p a s t  when t h e  coo l ing  water  system was o p e r a t i o n a l .  
SPORT FISH CATCH-PER-UNIT-OF-EFFORT 
Methods 
W e  conducted catch-per-uni t -of-effor t  f i s h i n g  s t a t i o n s  a t  most random and 
permanent s u b t i d a l  s t a t i o n s .  Deta i led  methods have been presented  i n  t h e  
1974-75 annual r e p o r t .  
Resu l t s  
F i f t e e n  s t a t i o n s  i n  t h e  North Cont ro l  y i e l d e d  11 f i s h e s  f o r  a ca t ch  r a t e  of 
1.22 f i s h  p e r  hour. A very  h igh  c a t c h  r a t e  of 3.60 f i s h  pe r  hour was obta ined  a t  
f i v e  s t a t i o n s  i n  Diablo Cove; but t h e  two permaent  s t a t i o n s  i n  North Cove and one 
permanent s t a t i o n  i n  South Cove produced only 0.67 f i s h  per hour. 
APPENDIX I 
MAN-DAYS SPENT AT DIABLO CANYON POWER PLAXT SITE 
Sub t i d a l  Surveys  : 
October  1 - December 31,  1976 
October  6 - 8 
P a r t i c i p a n t s  : G o t s h a l l ,  L a u r e n t ,  Wendell 
P a r t i c i p a n t s  : 
P a r t i c i p a n t s  : 
P a r t i c i p a n t s :  
P a r t i c i p a n t s :  
I n t e r t i d a l  Surveys:  
P a r t i c i p a n t s :  
S p o r t  f i s h  Catch-per-uni t -  
o f - e f f o r t  Study: 
P a r t i c i p a n t s :  
Oc tober  1 2  - 1 4 ,  18 
L a u r e n t ,  Wendell  
Oc tober  21, 22 
G o t s h a l l ,  L a u r e n t ,  Wendell 
Oc tober  28 
L a u r e n t ,  Wendell  
November 3 - 5, 9  
L a u r e n t ,  Wendell 
November 1 9  - 22 
G o t s h a l l ,  L a u r e n t ,  Wendell 
December 5 - 6, 1 8  - 1 9  
October  5 ,  7  - 8 ,  1 2  - 1 4 ,  1 8 ,  2 1  - 22, 28 
Var ious  
November 3 - 4 ,  8 - 9 ,  20 
T o t a l  man-days d u r i n g  Q u a r t e r  2  64 
T o t a l  man-days a t  s i t e *  184 
T o t a l  s t a t i o n s  surveyed 5 4 
T r a v e l  t i m e  man-days 4 
Boat t i m e  (hours )  
L a b o r a t o r y  t i m e  man-days** 
* T o t a l  t i m e  s p e n t  a t  Diab lo  Canyon by a l l  p r o j e c t  p e r s o n n e l ,  i n c l u d e s  b o t h  
f i e l d  t i m e  as w e l l  as l a b o r a t o r y  t i m e .  
**Time s p e n t  a t  Eihnterey o f f i c e  by p r o j e c t  l e a d e r  and s e a s o n a l  a i d .  
PROJECT PERSONNEL : 
Danie l  W. Go t sha l l  
Laurence L. Laurent  
Fred E. Wendell 
Lois  E. Sloan 
Barbara G. Freeman 
P h i l i p  R. Taylor  
Monica F a r r i s  
Senior  Marine B i o l o g i s t ,  P r o j e c t  Leader 
Assoc ia t e  Marine B i o l o g i s t  
A s s i s t a n t  Marine B i o l o g i s t  
Stenographer 
Seasonal  Aid 
Seasonal  Aid 
Seasonal  Aid 
